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F" TENT COOPERATION TREA ' 

From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Commissioner 

US Department of Commerce 
United States Patent and Trademark 
Office, PCT 

2011 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 
31 August 2001 (31.08.01) 




International application No. 

PCT/USOO/40588 


Applicant's or agent's file reference 

3051-66796 


International filing date (day/month/year) 
07 August 2000 (07.08.00) 


Priority date (day/month/year) 

09 August 1999 (09.08.99) 


Applicant 

WOOD, Alastair, J., J. et al 



1. The designated Office is hereby notified of its election made: 

|"5<] in the demand filed with the International Preliminary Examining Authority on: 

01 March 2001 (01.03.01) 



| | in a notice effecting later election filed with the International Bureau on: 



The election 



□ 



was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





Authorized officer 




The International Bureau of WIPO 






34. chemin des Colombettes 


R. Forax 




121 1 Geneva 20, Switzeciand 






Facsimile No.: (41-22) 740.14 35 


Telephone No.: (41-22) 338.83.38 




FormPCT/IB/331 (July 1992) 




US0040588 




In 



V 



PATENT COOPERATION TREATY 

PCT 



% 



INTERNATIONAL, PRELIMINARY EXAMINATION REPORT^ c - 
(PCT Article 36 and Rule 70) 




Applicant's or agent's file reference 
SOS 1-66796 


FOR FURTHER ACTION See Notification of Transmittal of International 

Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 


International filing date (day/montfi/year) 


Priority date (day/month/year) 


PCT/USO0/4O588 


07 AUGUST SO00 


09 AUGUST 1999 


International Patent Classification (IPC) 
Please See Supplemental Sheet. 


or national classification and IPC 




Applicant 
VANDERBILT UNIVERSITY 



This international preliminary examination report has been prepared by this International Preliminary 
Examining Authority and is transmitted to the applicant according to Article 36. 

This REPORT consists of a total of -^T sheets. 

| | ™s report is also accompanied by ANNEXES, La, sheets of the description, claims andbr drawing* which have 
been amended and are the basis for this report andrbr sheets containing rectifications made before this Authority, 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 0 sheets. 



3. This report contains indications relating to the following items: 
I £x] Basis of the report 
H Q Priority 

HE jj<] Non-establishment of report with regard to novelty, inventive step or industrial applicability 

IV £j Lack of unity of invention 

V QE] Reasoned statement under Article 36(2) with regard to novelty, inventive step or industrial applicability 

citations and explanations supporting such statement 

VI [^J Certain documents cited 

VII j^] Certain defects in the international application 
vm □ Certain observations on the international application 



Date of submission of the demand 
01 MARCH 2001 


Date of completion of this report 

OCTOBER 200 1 / 


Name and mailing address of the IPEA/US / 

Commissioner of Patents and Trademarks ( 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (70S) S05-S230 

IT rw — n / T r>T7 a / / i , . 


Authjorued officer / \? J , _ / 

-^y^RUSSELL TRAVERS U / J 
^lephone No. ( 703 ) S08-12S5 f / 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



I. Basis of the report 



International application No. 
PCT/TJS00/40588 



1. With regard to the elements of the international application:* 
[3T| the international application as originally filed 
Q^j the description: 



pages 
pages 
pages 



-17 



NONE 



_ , as originally filed 
filed with the demand 



NONE 



filed with the letter of 



| x| the claims: 

pages 18-25 

pages NONE 

pages NONE 

pages 



, as originally filed 

as amended (together with any statement) under Article 1 9 
, filed with the demand 



NONE 



filed with the letter of 



| x| the drawings: 



pages 
pages 
pages 



1-6 



NONE 



_ , as originally filed 
filed with the demand 



NONE 



, filed with the letter of 



j X| the sequence listing part of the description: 

pages NONE 

pages NONE 

pages NONE 



, as originally filed 

, filed with the demand 



filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the intemational application was filed, unless otherwise indicated under this item 

These elements were available or furnished to this Authority in the following language _ which is: 

I I the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

| | the language of the translation furnished for the purposes of intemational preliminary examination (under Rules 55 2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the intemational 
preliminary examination was carried out on the basis of the sequence listing- 

□ contained in the international application in printed form. 

| | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure f- *he 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the writen sequence listii s 
1 — 1 been furnished. 1 

4 Qc] The amendments have resulted in the cancellation of: 

0 the description, pages NQNE 

the claims, Nos. NONE 

the drawings, sheets^ftg NONE 



5- Q This report has been drawn as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sfieels^ which Jiave been furnished to tiie receiving Office in response to an imitation under Article 14 are referred to 

in this report as "originally filed'' and are not annexed to this report since they do not contain amendments (Rules 70.16 

and 70. 17). 

**Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 



'INTERNATIONAL PRELEVttNABY EXAMINATION KEPOET 



International application No. 
PCT/US00/40588 



m. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 



1 The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be 
industrially applicable have not been and will not be examined in respect of. 

| | the entire international application. 

claims Nos. 27-28 

because: 

| | toe said international application, or the said claim Nos. _ relate to the following subject matter which 
— does not require international preliminary examination (specify). 



f^l description, claims or drawings (indicate particular elements below) or said claims Nos. 27-28 are so 

unclear that no meaningful opinion could be formed (specify). 

Claims £7 and 26 are drafted as improper multiple dependant claims, thus, failing to meet those criteria set forth in the second 
and third sentences of Rule 6.4-(a). 



I | foe claims, or said claims Nos. _ are so inadequately supported by the description that no meaningful 
opinion could be formed. 



0 



no international search report has been established for said claims Nos. 27-28 . 



2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide and/or amino acid 
sequence listing to comply with the standard provided for in Annex C of the Aoministrative Instructions: 

□ 

the written form has not been furnished or does not comply with the standard 
□ the computer readable form has not been furnished or does not comply with the standard. 



Form PPT/1PF4 / i ™ /D. 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/US00/4O588 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability, 
citations and explanations supporting such statement 



1. statement 

Novelty (N) 



Claims l-ae, 29-36 
Claims none 



Inventive Step (IS) 



Industrial Applicability (IA) 



Claims i-26, 29-36 



Claims none 



Claims 
Claims 



-26, 29-S6 



YES 
NO 

YES 
NO 



YES 
NO 



2. citations and explanations (Rule 70.7) 

Claims 1-26 and 29-36 meet the criteria set out in PCT Article SS(2}-(*), because the prior art does not teach or fairly 
suggest employing the disclosed tricyclic compounds herein claimed for the recited antiviral use. 



NEW CITATIONS 

NONE 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/USOO/40S88 



Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: Boxes I - YTTT 



Sheet 10 



CLASSIFICATION: 

The International Patent Classification (IPC) and/or the National classification are as listed below: 
IPC(7): A61K 31/495, 31/50, 31/205, 31/24, 31/22, 31/195, 31/20 and US CI.: 514/252.12 252 13 253 01 554 538 
546, 563 , 568 



^ Express Mail No.: EL23004828$US 

PATENT COOPERATION I SEAT* 

From the INTERNATIONAL SEARCHING AUTHORITY 



To. STEVEN R. LAMMERT 
BARNES & THORNBURG 
11 SOUTH MERIDIAN STREET 
INDIANAPOLIS, IN 4620* 



PCT 



NOTIFICATION OF TRANSMITTAL, OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 



%^2$2& 26 MAR2001 



Applicant's or agent's file reference 
3051-66796 



FOR FURTHER ACTION See paragraphs 1 and 4 below 



International application No. 

PCT/USOO/40588 



Applicant 
VANDERBILT UNIVERSITY 



International filing date 
(day /month/year) 

07 AUGUST 2000 



Q3 The applicant i. hereby notified that the international search report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46> 

When' The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
international search report; however, for more details, see the notes on the accompanying sheet. 

Where? Directly to the International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 
Facsimile No.: (41-22) 740.14.35 

For more detailed instructions, see the notes on the accompanying sheet. 

2 rn The applicant is hereby notified that no international search report will be established and that the declaration under 
I I Article 17(2X«) to that effect is transmitted herewith. 

3. Q With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

□ the protest together with the decision thereon has been transmitted to the International Bureau together with 
the applicant's request to forward the texts of both the protest and the dec.s.on thereon to the des.gnated 
Offices. 

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 



□ 



Further action(s): The applicant is reminded of the following: 

<;hnrtlv .fter 18 months from the priority date, the international application will be published by the International Bureau. 

postpone publication, a notice of withdrawal of the international application or of he 

P nor,t7cl«m. must reach the International Bureau as provided in rules 90 blS 1 and 90 blS 3, respect.vely , before the 

completion of the technical preparations for international publication. 
Within 19 months from the priority date, a demand for mternational preliminary examination must be filed if the applicant 

wishes Tpostpone t h T en P try into the national phase until 30 months from the priority date (in some Offices even later). 
Within 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase 

Mori ^aTI designated Offices which have notTeen elected ,n the demand or ,n a later election within 19 months from the 

priority date or could not be elected because they are not bound by Chapter II 



Name and mailing address of the ISA/US 

Commi-ioner of Patento «nd Tr.dem.rk* 
Box POT 

Wuhington, D.C 80881 

Telephone No. (70S) 306-1235 

Facsimile No. (703) 305-3230 1 lele Py ng \ i * : — — 

— ~ (See notes on accompanying sheet) 

Form PCT/1SA/220 (July 1998)* 



zed officer 




PATENT COOPERATION TR 

PCT 

INTERNATIONAL SEARCH REPORT 
(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent's file reference 
3051-66796 



International application No. 

PCT/USO0/4O588 



iroo ITTIRTHFR see Notification of Transmittal of International Search Report 
ACTION (Form PCT/ISA/220) as well as, where applicable, item 5 below. 



International filing date (day /month/year) 
07 AUGUST 2000 



(Earliest) Priority Date (day/month/year) 
09 AUGUST 1999 



Applicant 

VANDERBILT UNIVERSITY 



This international search report has been prepared by this International Searching Authority and is transmuted to the apphcant 
according to Article 18. A copy is being transmitted to the International Bureau. 

3 

This international search report consists of « total of sheets. 

X| It is also accompanied by a copy of each prior art document cited in this report. 



1. Basis of the report 

a With regard to the language, the international search was carried out on the basis of the international application in the 
lancuajre in which it was filed, unless otherwise indicated under this item. 
[—1 the international search was carried out on the basis of a translation of the international application furnished to this 

I I Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing: 
f | contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

|~| furnished subsequently to this Authority in written form. 

[ | furnished subsequently to this Authority in computer readable form. 

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 

Tc statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished. 

2. | x| Certain claims were found unsearchable (See Box I) 

3. Unity of invention is lacking (See Box II). 

4. With regard to the title, 

[ x | the text is approved as submitted by the applicant 

j 1 the text has been established by this Authority to read as follows: 



□ 
□ 



5. With regard to the abstract, 

| x| the text is approved as submitted by the applicant. 

the text has been established, according to Rule 38.2(b), by this Authority as .t appears in 
Box III. The applicant may, within one month from the date of mailing of this mternat.onaJ 
search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 

| I as suggested by the applicant. | X| None of the figures 

P"| because the applicant failed to suggest a figure. 

|~~ j because this figure better characterizes the invention 



Form PCT/ISA/210 (first sheet) (July 1998)* 



INTERNATlSHfL SEARCH REPORT 



nternational application No. 

PCT/USOO/4-058 8 



Thi. international report ha. no, been established ,„ respcc, of certain claims under Artie.. .7(S X .) *« following reasons: 
t^l °".u«^j relate to aubject matter not requ.red «o be searched by this Authority, namely: 



Box I Observations where certain 



claims were found unsearchable (Continuation of item 1 of first sheet) 



□ ZZl"Zy relate to part, of the Internationa! application that do no, comply with the prescribed requirements to 
B uch an extent that no meaningful international search can be carried out, specially: 



H Sct/e 5 are'd^ndent clain.s and are not drafted in accordance w.th the second and third sentences of Rule «(■> 



Bol II Obaervationa 



ion. where unity of invention is lacking (Continuation of item 2 of f.rst .heel) 



This International Searching Authority found multiple inventions in this international application, as follows: 



1-1 As rfl retired additional search fees were timely paid by the applicant, this international search report covers all 
' searchable claims 



.. □ A. all .enable Cairns could be searched without effort justifying an additional fee, this Author.ty did no, invite p.ymen, 
of any additional fee. 

n As only some of the required addition.! search fees were timely pa,d by the applicant, this .nternational search report 
L — 1 covers only those claims for which fees were paid, specifically cla.ms Nos, 



4 I-! No required additional search fees were t.mely P a,d by the applicant. Consequently, this international search report is 
L- 1 restricted to the .nvention first mentioned in the claims; it is covered by cla.ms Nos, 



Remark on Protest □ The additional search fees were accompan.ed by the applicant's protest. 

| | No protest accompanied the payment of additional search fees 

I ■ ~ 

Form PCT/ISA/210 (continuation of first sheet(l)) (July 1998)* 



INTERNATrP^L SEARCH REPORT 



International application No. 

PCT/US00/40588 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7) :A6lK Sl/495, Sl/50, Sl/205, Sl/24, Sl/22, 3l/l95, 31/20 
US CL : 514/252.12, 252.13. 253.01, 554, 538, 546, 563, 568 
According to International Patent Classification (IPC) or to both national classification and IPC 



a FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 514/252.12, 252.13, 253.01, 554, 538, 546, 563, 568 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields 
searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
STN: compounds and anticancer therapy 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



A,P 
A 



Citation of document, with indication, where appropriate, of the relevant passages 



US 5,939,456 A (PERRINE) 17 August 1999, see entire document 
US 5,643,909 A (PFISTER et al.) 01 July 1997, see entire document 



Relevant to claim No 



1-26, 29-36 
1-26, 29-36 



□ 



Further documents are 



listed in the continuation of Box C. Q See patent family annex 



-0" 
-P- 



Special categories of cite* document*: 1 
document 4b fining the general atata of the art which i* not conaidered 
to ho of pxrtvcoUr relevance 

earlier document pobbahed on or after the international filing data 

document which m>j throw doubt* on priority cUim(«) or which » 

cited to eatabliaa the publication late of another citation or other ^ 

■pec ixl reaaoo (at .peciftad) 

document referring to an oral dincloenre, nne, exhibition or other 



»nt pubhabed prior to the international filing d**e hot later 
than the priority data plaited 



later document publiahed after the international filing data or priority 
date and not in conflict with the application hut cited to underatand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot he 
cooaidered novel or cannot he considered to involve an inventive alep 
when the document ia taken alone 

document of particular relevance; the claimed invention cannot he 
considered to involve an inventive itep when the document ia combined 
with one or more other »och documenta, each combinaUon bemg 
obvione to a person akilled in the art 

document member of the aame patent family 



Date of the actual completion of the international search 
27 FEBRUARY 2001 



Date of mailine of the international search report 

26 MAR2001 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 

Box PCT 

Washington, D C. 20231 
Facsimile No. (70S) 305-3230 



^Authorized oVkej 

TRACERS 
Telephone' No. (703) 308-1235 



Form PCT/ISA/2 10 (second sheet) (July 1998 )■> 



Express Mail No.: EL230048285US 



PCT 

REQUEST 



The undersigned requests that the present 

international application be processed 
according to the Patent Cooperation Treaty. 



For recen ine Office use onl> 



International Application No. 



International Filing Date 



Name of receiving Office and "PCT International Application" 



Applicant's or agent's file reference 

(if desired) (12 characters maximum) 3 Q51-66796 



Box No. I TITLE OF INVENTION 

ANTIVIRAL THERAPY USE OF P_GLYCO PROTEIN MODULATORS 



Box No. II APPLICANT 



Name and address: (Family name followed by given name: for a legal 
designation Tht t address must include postal code and name of country The countnofthe 
address indicated in this Box is the applicant s State (that is. country) of residence if no State 
of residence is indicated below ) 



VANDERBILT UNIVERSITY 
305 Kirkland Hall 
Nashville, TN 3724 0 
US 



| | This person ts also 



inventor. 



Telephone No 




(615) 343 


-2430 


Facsimile No 




(615) 343 


-4419 



Teleprinter No. 



State (that is, country) of nationality: 
US 



State (that is, country) of residence: 
US 



This person is applicant 
for the purposes of 



□ all designated 
Slates 



all designated Slates except 
ihe United States of America 



□ 



the United States 
of America only 



□ the States indicated in 
the Supplemental Box 



Box No. Ill 



FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 



Name and address: (Family name followed by given name, for a lega. e »***>JM(j^ f£ 
rfSSSSiTTE 7 address must include postal code and name ifmwJtecwMyj^ 
oddest -indicated in this Box is the applicant s State (that is, country) of residence if no State 
of residence is indicated below) 

WOOD, Alastair J- J. 
P.O. Box 159319 
Nashville, TN 37215-9319 
US 



This person is 

| | applicant only 

| x| applicant and inventor 

□ inventor only (If this check-box 
is marked do not fill in below.) 



State (that is, country) of nationality: 
US 



State (that is, country/ of residence: 
US 



This person is applicant 
for the purposes of: 



□ all designated I "1 all designated States except 
States I I the United States of America 



the United States I I the Slates indicated in 
of America only I I the Supplemental Box 



Further applicants and/or (further) inv entors are indicated on a continuation sheet. 

Box^ No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The person identified below is hereby/has been appointed to act on behalf 
of the applicant(s) before the competent International Authorities as. 



X53 agent Q common representative 



LAMMERT, Steven R. 

BARNES & THORNBURG 

11 South Meridian Street 

Indianapolis, IN 46204 

US 



Telephone No 

(317) 236-1313 



Facsimile No 

(317) 231-7433 



Teleprinter No. 



r-^ Address for correspondence: Mark this check-box where n o agent or common rep^maiive^as been ap pointed and the 
□ foace above is used instead to in dicate a special ad dress to which correspondence should be sent. _ ^ ^ __ 



Form PCT/RO/101 (first sheet) (July 1998, reprint January 2000) 



See S otes to the request form 



Sheet No .2 



//"non* of the following sub-boxes is used, this sheet should not be inc 


Hudedin the request. 


Name and address: (Family name followed by given fhe^luntrfoUhe 
designation The address must include postal code and name of country I ™ c ™n%% 1 ™ 
„JJ£r^,„%,^„Zj,„ th,K Rox is the aoDticant s State (that is. country) of residence tj no Mate 
address indicated in mis doj- h in* ufjyin.<-"t' -> «.»•*«•». i *• s. j 

of residence is indicated below ■ ) 

KIM, Richard B- 

5101 Fredericksburg Way East 

Brentwood, TN 37027 

US 


This person is. 

| | applicant only 

applicant and inventor 

1 | inventor only (If this check-box 
■ is marked, do not fill in below ) 


Slate (that is. country) of nationality: 


State (that is. country) of residence: 

HQ 




United States 1 1 the States indicated in 

\mericaonly | | the Supplemental Box 


adSest "indicated ,n (his Box is the applicant S State (that is. country) of residence if no State 
of residence ts indicated below) 

WILKINSON , Grant R. 
612 Valley Trace Court 
! Nashville, TN 37221-3123 
US 


This person is: 

applicant only 

applicant and inventor 

f 1 inventor only (If this check-box 
1 1 is marked, do not fill in below.) 


State (that is. country) of nationality: 

TTQ 


State (that is. country) of residence: 
US 


^«o^ canl □l^ ,gnated DittBSftfift 


United States j 1 the States indicated in 

Ajnerica only | | the Supplemental Box 


ad3m indicated in this Box is the applicant s State (that is. country) of residence if no State 
of residence is indicated below.) 


This person is: 

| [ applicant only 

| | applicant and inventor 

1 1 inventor only (If this cl.'ck-bax 
1 1 is marked, do not fill in below.) 


State (that ts. country) of nationality: 


State (that is. country) of residence: 


^person is appl.can, [— | ^ignited □ SEA'S? □ S IS^SM 
for the purposes of: 1 1 aiaies i— i _ 


Name and address* (Family name followed by given name; for a legal entity. M official 
SSSiSSjT ?S address must include postal code and name of country The county of he 
ada^s&aud^ Box is the app&ant s State (that is. country) of residence if no State 
of residence is indicated below.) 


This person is: 

| | applicant only 

| | applicant and inventor 

1 I inventor only (If this check-box 
1 1 is marked, do not fill in below.) 


State (that is. country) of nationality: 


State (that is. country) of residence: 


p,s person, applicant [-, nt^SXSSSSSL □ StfESW □ £. 


□ Further applicants andVor (further) inventors are indicated on another continuation sheet. 



Box No.V 



DESIGNATION 



Sheet No. ... 3 



ATES 



The following designations arc hereby made under Rule 4.9(a) (mark the applicable check-boxes, at least one must be marked): 



Regional Patent 



□3 AP 



ARIPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho. M W Malawi, MZ Mozambique, SD Sudan, SL Sierra Leone 
SZ; Swaziland TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and any other State which ,s a Contracting State 
of the Harare Protocol and of the PCT WTV _ Lt . 

CS EA Eurasian Patent: AM Armenia, AZ Azerbaijan. BY Belarus, KG Kyrgyzstan, KZ Kazakhstan. MD Republic of Moldova^ 
la ca E.um S i a nr_ TMTurkmenistan.andanvotherStatewhichisaContractingStateofihe Eurasian Patent 



EJ ep 



RV Russian Federation, TJ Tajikistan, TM Turkmen 
Convention and of the PCT 

European Patent: AT Austria, BE Belgium, CH 



and LI Switzerland and Liechtenstein, CY Cyprus, DE Germany, 
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Sec Notes to the request jorm 



Sheet No. 



Box No. VI PRIORITY CLAIM 



□ Further priority claims are indtcaied in the Supplemental Box 



Filing date 
of earlier application 
(day/'m onih/yearj 



item (1) 

(09.08.99) 

09 August 1999 

item (2) 



Number 
of earlier application 



09 /370,266 



Where earlier application is 



national application, 
countrv 



J1S. 



item (3) 



regional application:* 
regional Office 



international application: 
receivtng Office 



The recemng Office ,s requested to prepare and transm.t to the Internationa 11 Sureau ,a ^"jedcoPy 



(1) 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) 
(if two or more international Searching Authorities ore 
competent to carry out the international search. ^dicate 
the Authority chosen, the two-letter code may be used/. 

ISA/ US 



Request to use results of earlier search; reference to that search (if art earlier 
search has been carried out by or requested from the International Searching A uthortty). 



Dale (dayJmonthJyear) 



Number 



Country (or regional Office) 



Box No. VIII CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 

request ^ 
description (excluding 17 
sequence listing part) 

claims 
abstract 
drawings 



sequence listing part 
of description 

Total number of sheets 



32 



This international application is accompanied by the item(s) marked below: 
l .S fee calculation sheet (4 Qriginal p CT General 

2. H separate stgned power of attorney Pggej BeleSaSxon^or °£uf] 

3. □ copy of general power of attorney; reTerence number, iTaiiy. 

4. □ statement explaining lack of signature 

5. Q priority document(s) identified in Box No. VI as item(s): 

6. □ translation of international application into (language) 

7. □ separate indications concerning deposited microorganism or other biological material 

8 n nucleotide and/or amino acid sequence listing in computer readable form 

m ■ / , } Transmittal Letter to the US/RO 

9 59 other (specify) Rg^nrn Posta l Card 



hority 



Figure of the drawings which 
should accompany the abstract: 



None 



Language of filing of the 

international application: 



English 



Box No. LX SIGNATURE OF APPLICANT OR AGENT 




Jill T. Powlick, Agent for Applicants 



For receiving Office use only 



1 . Date of actual receipt of the purported 
international application: 



3. Corrected date of actual receipt due to later but 
timelv received papers or drawings completing 
the purported international application: 



4. Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 



5. International Searching Authority tc A / 
(if two or more are competent): ' 



6. 1 — 1 Transmittal of search copy delayed 



□ 



until search fee is paid. 



2. Drawings: 
| | received: 

| | not received: 



Date of receipt of the record copy 
by the International Bureau * 



For International Bureau use only 
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PCT 



GENERAL POWER OF ATTORNEY 

(for several international applications filed under the Patent Cooperation Treaty) 

(PCT Rule 90.5) 



The undersigned person(s) : 

(Family name followed by given name, for a legal entity, full official designation The address must include postal code and name of country.) 

VANDERBILT UNIVERSITY 
305 Kirkland Hall 
Nashville, TN 37240 
US 



hereby appoint(s) the following person as: jpc] agent Q common representative 

Name and address 

(Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 
LAMMERT Steven R.; COFFEY, William R.; CONARD, Richard D.; REZEK, Richard A.; HARRISON, 
Nancy, J.; KULKARNI, Dilip A.; QUICK, David B.; POWLICK, Jill T.; STEIN, Arland T.; 
RICHARDS William B.; HAIGH, Christopher E.; SWEENEY, James R. II; PALAN, Perry; NEWMAN, 
Mark M.; GILLENWATER, Bobby B.; HUNT, Paul B.; GZYBOWSKI, Michael S.; MARTIN, Alice O.; 
COOPER, Gregory S.; All Appointed Agents of the Address: 

BARNES & THORNBURG 

1 1 South Mendian Street 

Indianapolis, IN 46204 

US 

to represent the undersigned before Xx] all the competent International Authorities 

| | the International Searching Authority only 
| | the International Preliminary Examining Authority only 

in connection with any and all international applications filed by the undersigned with the following Office 

US as receiving Office 

and to make or receive payments on behalf of the undersigned. 

Signature(s) inhere there are several persons, each of them must sign; next to each signarwe. indicate the name of ihe person signing and the capacity m^-hchthe person 
signs, if such capacity is not obvious from reading this power) 



(20.07.00) 



By: J&ivcS 1 c Date: JO_ MJ^Jmi 

Vanis Eisner, Associate Director Day/ I^Ic-nth/ Year 



Form PCT/Modcl of general pouer of auornc> (for sev eral international applications) (July 1992) 



01'2GOO 10:43 FAX 6153-1304SS 



GENERAL COUNSEL 



. TECH TRANSFER 



©002 



DELEGATION OF AUTHORITY 



Pursuant to tl,e authority delegated to me by resolution of the Executive Comrmttee of the 
Board of Trust adopted on December 11, 1990, 1 delegate to Jarus Eisner, Ass°« ate Director, 
Office of Technology Transfer, the authority to execute on behalf of Vanderbdt Uruveraty, license 
agreements relating^ technology owned by Vanderbil, induing ^^s'ocrca^ new 
business entities in which Vanderbilt will become an equ.ty owner, agreements grantmg ; ** option 
to a party to negotiate a license agreement, confidentiality agreements relaung to technology 
disclosed to the Office of Technology Transfer and letters of intent to enter into ^easing 
negotiations. Before licenses, options or letters of intent are executed by Ms. Eisner appropriate 
University administrators, the creators of the particular technology and a "P""-*" of *e 
Office of General Counsel shall review and approve the terms of the proposed hcense. opoon or 
letter of intent. On a monthly basis. Ms. Eisner shall forward to me summaries of bcenses 
options and letters of intent that have been executed followmg the aforementioned approvals 

In addition to the foregoing, and also pursuant to the authority delegated to me by the 
resolution of the Executive Committee of the Board of Trust adopted on December 1U 1990. 1 
deiegate to Ms. Eisner authority to execute on behalf of VanderMt Univers.ty dtamt. 
regarding technology owned by Vanderbdt and required to be filed in the U. S. Pa ent and 
xidemik Office U. S. Copyrights Office, or equivalent foreign governmental bod.es. in 
connection with intellectual property rights of Vanderbilt. 



Jeff Carr, Vice- Chancellor for University 
Genera 



<-*-*■ x * 7 

Relations and General Counsel 



Date 



PCT 



GENERAL POWER OF ATTORNEY 

(for several international applications filed under the Patent Cooperation Treaty) 

(PCT Rule 90.5) 



The undersigned person(s) : 

(Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 

WOOD, Aiastair J. J. 
P.O. Box 159319 
Nashville, TN 37215-9319 
US 



hereby appoini(s) the following person as: 



agent 



□ 



common representative 



Name and address 

(Familv name followed bv given name; for a legal entivwfull official designation. The address must include postal code and name of country.) 
LAMMERT Steven R .; COFFEY, William R.; CONARD, Richard D .; REZEK, Richard A.; HARRISON, 
Nancy, J.; KULKARNI, Dilip A.; QUICK, David B.; POWLICK, Jill T, STEIN, Arland T.; 
RICHARDS, William B.; HA1GH, Christopher E.; SWEENEY, James R. II; PAL AN, Pe ^ E ^*> 
Mark M.; GILLENWATER, Bobby B.; HUNT, Paul B.; GZYBOWSKI, Michael S.; MARTIN, Alice O.; 
COOPER, Gregory S.; All Appointed Agents of the Address: 

BARNES & THORNBURG 

1 1 South Meridian Street 

Indianapolis, IN 46204 

US 

to represent the undersigned before £x) all the competent International Authorities 

the International Searching Authority only 
| | the International Preliminary Examining Authority only 



in connection with any and all international applications filed by the undersigned with the following Office 

US 



as receiving Office 



and to make or receive payments on behalf of the undersigned. 



Signature(s) (where there are several persons each of them must stgn: next to each Signature, indicate the name ofthe person signtng and the capacityin which the person 
signs, tfsuch capacity is not obvious from reading this power). 




Date: 



AlastairWJ. WOOD 



IC I o 7 ay 

Day/ Month/ Year 



Form PCT/Modcl of general power of attornc> (for sev eral international applications) (July W92> 
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GENERAL POWER OF ATTORNEY 

(for several international applications filed under the Patent Cooperation Treaty) 

(PCT Rule 90.5) 



KIM, Richard B. 

5101 Fredericksburg Way East 

Brentwood, TN 37027 

US 



agcnt Q common representative 



hereby appomt(s) the following person as: 

LAMMERT, Steven R, COFFEY, Wffliam R,, CONARD, Rtchard D, REZEK Richard A HARRISON, 
N^J. KULKARN1 Dihp A, QUICK, Dav.d B, POWLICK Jill T STEIN Arland 
RICHARDS William B.; HAIGH, Chnstopber E.; SWEENEY, James R. II; PALAN Perry, ^MAN; 
MarkN^GILLENWATER, Bobby B, HUNT, Pan. B, GZYBOWSKI, Mtchae. S, MARTIN, Ahce O., 
COOPER, Gregory S.; All Appointed Agents of the Address: 
BARNES & THORNBURG 
1 1 South Meridian Street 
Indianapolis, IN 46204 
US 

to represent the undersigned before £x) all the competent International Authorit.es 

| | the International Searching Authority only 
| | the International Preliminary Examining Authority only 

in connection with ;ny and all international applications filed by the undersigned with the following Office 

TJS ____ as receiving Office 



and to make or receive payments on behalf of the undersigned. 

Signatures) M^r^W^ M ,W,W.~^. n a ,,oeac h! ,^ ^ t ,*n M *Heper m «M^^^'»'™ 
signs, if such capaciiy is nor obvious from reading this power) 




Richard B. KIM 



Date: Z / °7 jGop 
Day/ Month/ Year 



Form PCT/Modcl of general P oucr of auornc> (for several international applications) (July 1992) 
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GENERAL POWER OF ATTORNEY 

(for several international applications filed under the Patent Cooperation Treaty) 

(PCT Rule 90.5) 



The undersigned pcrson(s) : 

fAjm/iy name followed by given name; for a legal entity; full official designation. The address must include postal code and name of country.) 

WILKINSON, Grant R. 
612 Valley Trace Court 
Nashville, TN 37221>3123 
US 



hereby appoint(s) the following person as: 



agent 



□ 



common representative 



Name and address , , , 

(Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of country.) 

LAMMERT Steven R .; COFFEY, William R.; CONARD, Richard D.; REZEK, Richard A.; HARRISON, 

Nancy, J.; KULKARNI, Dilip A, QUICK, David B .; POWLICK, Jill T .; STEIN Arland T 

RICHARDS, William B, HAIGH, Christopher E, SWEENEY, James R. II; PAL AN , ^**?^J^^?^? ' 

Mark M, GILLENWATER, Bobby B, HUNT, Paul B .; GZYBOWSKI. Michael S .; MARTIN, Alice O.; 

COOPER, Gregory S.; All Appointed Agents of the Address: 

BARNES & THORNBURG 

1 1 South Meridian Street 

Indianapolis, IN 46204 

US 

to represent the undersigned before JEx) all the competent International Authorities 

j | the International Searching Authority only 
| | the International Preliminary Examining Authority only 

in connection with any and all international applications filed by the undersigned with the following Office 

US ^ as receiving Office 

and lo make or receive payments on behalf of the undersigned. 

Signatlire(s) (*h*re there are several persons, each of them must sign nexito each signature, xndtcme the name of the person signing and the capac,* m whtch the person 
Sl gns. if such capacity is not obvious from reading this power) 



r~*1"7 




int R. WILKIN 



Date: , 7 ^/7 /OQ 
Day/ 'Month/ Year 
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2ATENT CXX)PERATION TREATS! 



From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 



STEVEN R LAMMERT 
BARNES & THORNBL RG 
n SOUTH MERIDIAN STREET 
INDIANAPOLIS, IN +6*04 ^ 

FOR / V*>T7<L 

by iS i 



DOCKETED 



DATE _ 
CHE'D BY^ 
DATE_ 



PCT 



RECEIVED 



fl/ >J/i; eta 



NOV 1 3 2001 

WRITTEN OPlSA8N£S i 7K Of: .. 

~~ (PCT Rule 66) 



Date of Mailing- 

'■fr-w^ri Q 8 NOV 2001 



Applicant's or agent's file reference 
3051-66796 



REPLY DUE 



within ONE inoutUi* 

from the above date of mailing 



International application No. 

PCT/USOO/405S8 



International filing date (day /month /year) 
07 AUGUST 2000 



Priority date (day/ month/year) 
09 AUGUST 1999 



International Patent Classification (IPC) or both national classification and IPC 
Please See Supplemental Sheet. 



Applicant 
VANDERBILT UNIVERSITY 



I. This written opinion is the 



first 



(first, etc.) drawn by this International Preliminary Examining Authority. 



2. This opinion contains indications relating to the following items: 



I 

II 
111 

IV 
V 



j X j Basis of the opinion 
Priority 

f"^"| Non-establishment of opinion with regard to novelty, inventive step or industrial applicability 
| | Lack of unity of invention 

J~^~j Reasoned statement under Rule fi6.J(a)(ii) with regard to novelty, inventive step or industrial applicability 



citations and explanations supporting such statement 
VI j ~ j Certain documents cited 

VH |^ j Certain defects in the international application 
VIII | | Certain observations on the international application 

3. The applicant is hereby invited to reply to this opinion 
When? 



How? 
AJso 



See the time limit indicated above The nppl i o m u mny. before i 
Authority to grout on e - xt - ens i on , sen— R wW *>*> . - J(d). 

By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66 3 
For the form and the language of the amendments, see Rules 66 s and 66.9 



For an additional opportunity to submit amendments, see Rule <;fi + 
For the examiner's obligation to consider amendments and/or arguments. s«.-e Rule 66 + bit 
For an informal communication with the examiner, see Rule 66 6 
If no rcplv is filed, the international preliminary examination report will be established on the basis of tins opinion 

+ The fm a! date by which the international preliminary 

examination report must be established according to Rule fiu 2 is 09 DEC EMBER 200 1 



1 ; ~i : ' 


Name and mailing address of the IPEA/US 

Commissioner of Patent* mid Tradi-marks { 
H«»x PCT 

Washington. D C. 3)231 
Facsimile No (703) 305-3230 


' ^f$%&Z' l^/uAf 1 ' A- 
~^ Russell tr avers '"' f 

Telephone No 703 ■ 30S-123". 
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WRIT )PINTON 



Inter naiio nai application No. 
pi^RoO/40588 



Basis of the opinion 



1. With regard to the elements of the international application:* 
the international application as originally filed 



X 


the description 


1-17 






, as originally filed 




pages 
pages 


IN UINE. 






, filed with the demand 






MP) MP 




, filed with the letter of 




X 


pages 

the claims: 


18-25 






, as originally filed 




pages 
pages 


NONE 




, as amended (together with any statement) under Article 19 






NONE 






, filed with the demand 




pages 


NONE 


, filed 


with the letter of 




X 


pages 

the drawings: 


1-6 






, as originally filed 




pages 


NONE 






, filed with the demand 




pages 


NONE 




, filed with the letter of 




X 


pu£<-o 

the sequence listing part 
naof , q NONE 


of the description: 




, as originally filed 






NONE 






, filed with the demand 




pages 
pages 


NONE 




, filed with the letter of 





2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language . wnicn is. 

| | the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
| | the language of publication of the international application (under Rule 48.3(b)). 

r] the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the written opinion was 
drawn on the basis of the sequence listing: 

contained in the international application in printed form 

| | filed together with the international application in computer readable form 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form 

The statement that the subsequently furnished wntu 
international application as filed has been turnished 

|~1 The statement that the information recorded in computer readable form is identical to the wnten sequence listing has 
' ' been furnished 

[x] The amendments have resulted in the cancellation of: 

0 the description, pages NQNE 

0 the claims, Nos NONE 



| 1 The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 



|~xl the drawings, sheets/fig NONE 



5 Q This opinion has been drawn as if (some oft the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 

* Replacement sheets which hove been furnished to the receiving Office in response to an mutation under Article 14 nre referred to 
in this opinion as "originally filed ". 



Form PCT'IPEA 408 (Box I) (July 1998)* 



Interatrial 

wi : n > pen r^^so 



[nterjjfl^nal application No. 
>0/+05SS 



HI. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 



1. The questions whether the claimed invention appear to be novel, to involve an inventive step (to be non obvious), or to be 
mdustriaUv applicable have not. been and will not be examined in i>espect of: 

| | the entire international application. 

px"1 claims Nos. 27-28 

because: 

□ the said international application, or the said claim Nos. . relate to the following subject matter which 
does not require international preliminary examination (specify). 



pi the description, claims or drawings (indicate particular elements below) or said claims Nos. m are so 
— unclear that no meaningful opinion could be formed (specify). 



□ the claims, or said claims Nos. _ are so inadequately supported by the description that no meaningful 
opinion could be formed. 

no international search report has been established for said claims Nos. _27 1 28_. 



2 A written opinion cannot be drawn due to the fata of the nucleotide and/or amino acid sequence listing to comply with the standard 
provided for in Annex C of the Administratis Instructions 

[ | the written form has not been furnished or does not comply with the standard 

□ the computer readable form has not been furnished or does not comply with the standard 



Form PCT/IPEA/'+Oh (Box III: (July \\*Us;,+ 



w 



PINION 



Inte 
P 



al application No. 

;soo/+o5hs 



V. Reasoned statement under Rule 66.2(a) (ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. statement 

Novelty (N) 



Claims i-as. 



Claims "one 



YES 
NO 



Inventive Step (IS) 



Claims l-26, 29-36 



Claims none 



YES 
NO 



Industrial Applicability (IA) 



Claims 



1-26, 129-36 



Claims none 



YES 
NO 



2. citations and explanations 

Claims 1-26 and 29-36 meet the criteria set out in PCT Article 3S(2)-(+), because the prior art does not teach or fairly 
suggest employing the disclosed tricyclic compounds herein claimed for the recited antiviral use 



NEW CITATIONS 



NONE 
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i al application No. 
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Supplemental Box 

(To be used when the space Ld any of the preceding boxes is not sufficient) 



Continuation of: Boxes I - VIH sheet 10 

TIME LIMIT: 

The time limit set for response to a Written Opinion may not be extended. 37 CFR 1.484(d). Any response 
received after the expiration of the time limit set in the Written Opinion will not be considered in preparing the International 
Preliminary Examination Report. 



CLASSIFICATION: 

The International Patent Classification (IPC) and/or the National classification are as listed below: 
IPC(7): A61K 31/495, 31/50, 31/205, 31/24, 31/22, 31/195, 31/20 and US CI.: 514/252.12, 252.13, 253.01, 554, 538, 
546, 563, 568 



Form PCT 'IPEA.'4-os (Supplemental Box i (July i!-»f»s^* 



(12) INTERNATIONAL A 



ATION PUBLISHED UNDER THE PATE 



OPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
15 February 2001 (15.02.2001) 




PCT 



(10) International Publication Number 

WO 01/10387 A3 



(51) International Patent Classification 7 : A61K 31/495, 

31/50, 31/205, 31/24, 31/22, 31/195, 31/20 

(21) International Application Number: PCT/USOO/40588 

(22) International Filing Date: 7 August 2000 (07.08.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

09/370,266 



9 August 1 999 (09.08. 1999) US 



(71) Applicant (for all designated States except US): VAN- 
DERBILT UNIVERSITY [US/US]; 305 Kirkland Hall, 
Nashville, TN 37240 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only) : WOOD, Alastair, J., 

J. [US/US]; P.O. Box 159319, Nashville, TN 37215-9319 
(US). KIM, Richard, B. [CA/USJ; 5101 Fredericksburg 
Way East, Brentwood, TN 37027 (US). WILKINSON, 
Grant, R. [US/US]; 612 Valley Trace Court, Nashville, TN 
37221-3123 (US). 



(74) Agent: LAMMERT, Steven, R.; Barnes & Thornburg, 1 1 
South Meridian Street, Indianapolis, IN 46204 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, 
HU. ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
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ANTTVTR AL THERAPY T TSF. OF P-GL YCOPROTEIN MODULATORS 

Field of the Invention 

The present invention relates to treatment of viral infections. More 
particularly the present invention is directed to the use of certain P-glycoprotein 
modulators to increase the concentration of HIV-protease inhibitors in certain tissues. 



10 



Background and Summary o f the Invention 

HIV protease inhibitors have proven to be effective in the treatment of 
HIV-1 infection. However, the utility of such drugs can be limited due to poor 
transport across certain biological membranes. Oral absorption of protease inhibitors 
is often low and variable, and penetration into certain tissues, including the brain and 
testes, is often poor. The resultant non-uniform distribution of the antiviral drug in 
the body leaves certain tissues as sanctuaries for viral proliferation. 
! 5 P-glycoprotein is an ATP dependent efflux membrane transporter with 

broad substrate specificity for a variety of structurally diverse drugs. P-glycoprotein 
is distributed in various normal tissues, including, of particular importance in drug 
disposition, epithelial cells in the gastrointestinal tract, the liver, and the kidney. 
Apical expression of P-glycoprotein in such tissues results in reduced absorption 
20 (gastrointestinal tract), and enhanced elimination into the bile (liver) and urine 

(kidney) for drugs functioning as P-glycoprotein substrates. In addition, expression of 
P-glycoprotein at the level of the blood-brain barrier has been shown to be a critical 
factor in preventing the entry of some drugs into the central nervous system. Previous 
work has shown that various HIV-1 protease inhibitors are substrates of P- 
25 glycoprotein, explaining some of the limits on membrane permeability of these drugs. 
See, for example, Kim, R.B., et al., The Drug Transporter P-Glycoprotein Limits Oral 
Absorption and Brain Entry of HIV-1 Protease Inhibitors, J. Clin. Invest., 101 :289- 
294, 1998. 

Certain 10,1 1-methanodibenzosuberane derivatives have been shown 
to be pharmaceutically active agents in the treatment of multidrug resistance in cancer 
therapy. See, for example, U.S. Patents Nos. 5,654,304 and 5,874,434. Such 
compounds are known to interact with P-glycoprotein. 
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The present invention relates to a use of a 10,1 1- 
methanodibenzosuberanes of formula (I): 

Ri R2 
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1 5 wherein: A is -CH 2 CH 2 -; -CH 2 CHR a CH 2 - where R a is H, OH or lower acyloxy ; or 
-CH 2 CHR b CHR c CH r where one of R b or R c is H, OH, or lower 
acyloxy, and the other is H; 

R 1 is H, F, CI, or Br; 
R 2 is H, F, CI, or Br; and 

20 R 3 is heteroaryl or phenyl optionally substituted with F, CI, Br, CF 3 , 

CN, N0 2 , or OCHF 2 ; or a pharmaceutically acceptable salt thereof; for the 
manufacture of a medicament for the treatment of HIV in a patient undergoing 
treatment with an HIV protease inhibitor. The use increases the concentration of the 
HIV inhibitor in the brain and/or testes of the patient without significantly increasing 

25 plasma levels of the protease inhibitor. Accordingly, more effective antiviral therapy 
can be achieved without use of increased drug dosages, thereby reducing the potential 
for occurrence of undesirable side effects deriving from drug toxicity. Thus, one 
aspect of this invention relates to a method for increasing the concentration of an HIV 
protease inhibitor in the brain of a patient, the method comprising administering to an 

30 HIV infected patient an amount of a 10,1 1-methanodibenzosuberane of formula (I), or 
a pharmaceutically acceptable salt thereof, and co-administering to the patient a 
therapeutically effective amount of the protease inhibitor. 
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Another related aspect of this invention is a method of treatment of an 
HIV infected patient. The method comprises administering a compound comprising a 
10,1 1-methanodibenzosuberane of formula (I) in an amount effective to increase the 
concentration of a co-administered protease inhibitor in the brain and testes of the 
5 patient. 

In another embodiment, the 10,1 1-methanodibenzosuberane of formula 
(I) is administered in combination with a protease inhibitor to increase concentrations 
of the protease inhibitor in the brain. 

Still another aspect of this invention is a pharmaceutical composition 
1 0 comprising a protease inhibitor, most preferably nelfmavir, and a 1 0,1 1- 

methanodibenzosuberane of formula (I), with a pharmaceutical carrier. In a preferred 
embodiment, the 10,1 1-methanodibenzosuberane is a compound of formula (II): 




Still another aspect of this invention is the use of an HIV protease 
inhibitor for the manufacture of a medicament for the treatment of HIV wherein the 
concentration of the protease inhibitor in the brain is increased by co-administration 
30 with a 10, 1 1-methanodibenzosuberane of formula (I), or a pharmaceutical ly 
acceptable salt thereof. 
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Additional features of the present invention will become apparent to 
those skilled in the art upon consideration of the following detailed description of 
preferred embodiments exemplifying the best mode of carrying out the invention. 

5 Brief Descrip tion of the Drawings 

Fig. 1 is a plot of percent inhibition of P-glycoprotein mediated [ 3 H]- 
digoxin transport across a Caco-2 cell culture monolayer verses concentration of 
putative inhibitor at varying concentrations of formula (II) (o), nelfmavir (•), 
ritonavir (o), saquinavir (■), and indinavir (a). 
! o Fig. 2 shows tissue levels of [ 14 C]-nelfinavir in mdrla (+/+) mice given 

50 mg/kg of formula (II) (plasma - open symbols, brain - closed symbols) in divided 
doses 30 min prior to and simultaneously with (5 mg/kg) [ 14 C] -nelfmavir (triangles) or 
vehicle (circles). 

Fig. 3 shows the effect of P-glycoprotein inhibitors on tissue:plasma 
1 5 concentration ratios of [ 14 C] -nelfmavir in mdrla (+/+) and mdrla (-/-) mice. 

Detailed Description of the Invention 

The following definitions are set forth to illustrate and define the 
meaning and scope of the various terms used to describe the invention herein. 
20 Additional details on the preparation of such compounds, and the meaning and scope 
of the terminology and definitions thereof, aie detailed in U.S. Patent No. 5,654,304. 

The term "lower acyloxy" refers to the group ~0-C(0)~R' where R' is 

lower alkyl. 

The term "heteroaryl" refers to a monovalent unsaturated aromatic 
25 carbocyclic radical having at least one hetero atom, such as N, O or S, within the ring, 
such as quinolyl, benzofuranyl and pyridyl. 

A "pharmaceutically acceptable salt" may be any salt derived from an 
inorganic or organic acid. The term "pharmaceutically acceptable anion" refers to the 
anion of such acid addition salts. The salt and/or the anion are chosen not to be 
30 biologically or otherwise undesirable. 

The term "treatment" or "treating" means any treatment of a disease in 

a mammal, including: 



WO 01/10387 



PCT/USOO/40588 



10 



-5- 

(i) preventing the disease, that is, causing the clinical symptoms of 
the disease not todevelop; 

(ii) inhibiting the disease, that is, arresting the development of 
clinical symptoms; and/or 

(iii) relieving the disease, that is, causing the regression of clinical 
symptoms. 



The term "effective amount" means a dosage sufficient to provide 
treatment for the disease state being treated. This will vary depending on the patient, 
the disease and the treatment being effected. 

The term "co-administer" means the administration of more than one 
active agent as part of the same treatment regimen, whether they are administered 
simultaneously or at different times. 

"Structure of formula (I)" refers to the generic structure of the 

compounds of the invention. 

The present invention is a method for increasing the concentration of 
an HIV protease inhibitor in the brain and testes of a patient, said method comprising 
administering to an HIV-infected patient an amount of a 10,1 1- 
methanodibenzosuberanes of the formula (I): 



20 



25 



I 




A 



O 



30 
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wherein: A is -CH 2 CH 2 -; -CH 2 CHR a CH 2 - where R a is H, OH or lower acyloxy; or 
-CH 2 CHR b CHR c CH 2 - where one of R b or R c is H, OH, or lower 
acyloxy, and the other is H; 

R 1 is H, F, CI, or Br; 
5 R 2 is H, F, CI, or Br; and 

R 3 is heteroaryl or phenyl optionally substituted with F, CI, Br, CF 3 , 
CN, N0 2 , or OCHF 2 ; or a pharmaceutical ly acceptable salts thereof; and co- 
administering to the patient a therapeutically effective amount to the protease 
inhibitor. 

10 In a preferred embodiment, a compound of formula (I) is used wherein 

A is -CH 2 CHR a CH 2 -. In another preferred embodiment, R 1 and R 2 are F. In still 
another preferred embodiment, R 3 is an optionally substituted quinolyl, preferably 
quinol-5-yl. 

In another preferred embodiment of the present invention, a compound 
15 of formula (II): 



F F 



20 




30 is employed with protease inhibitors in the method of the present invention. 

Examples of such protease inhibitors contemplated by the present 
invention are NELFINAVIR, which is preferably administered as the mesylate salt at 
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750 mg three times per day (Agouron Pharmaceuticals (La Jolla, CA)) (U.S. Patent 
No. 5,484,926); RITONAVIR, which is preferably administered at 600 mg twice 
daily (Roche Ltd. (Lewes, UK) (U.S. Patent No. 5,484,801); SAQUINAVIR, which is 
preferably administered as the mesylate salt at 1,200 mg three times per day (Roche 
5 Discovery (Rahway, NJ)) (U.S. Patent No. 5,196,438); INDINAVIR, which is 
preferably administered as the sulfate salt at 800 mg three times per day (Merck 
Research Laboratories) (U.S. Patent No. 5,413,999); and AMPRENAVIR, which is 
preferably administered at 1,200 mg twice daily (U.S. Patent No. 5,585,397). The 
skilled artisan would recognize that this list is not exhaustive. Additionally the skilled 
10 artisan would recognize that the protease inhibitor's administration to a patient may 
vary from the preferred. 

The HIV-1 virus enters the brain and other organs such as the testes 
relatively early after primary infection. Reduction of the viral load in such organs has 
proven to be difficult, as most of the current HIV antiviral agents do not readily 
15 penetrate into the tissues to provide concentrations effective to prevent viral 

replication. See Groothius, D.R., and Levy, R.M., The entry of antiviral drugs into 
the central nervous system, J. NeuroVirology, 3 :387-400, 1997. The low rate of drug 
transport into these pharmacologic sanctuary sites is the consequence of a functional 
barrier to drug entry. HIV protease inhibitors have been found to be excellent 
20 substrates for the membrane efflux pump P-glycoprotein, which is localized in the 

apical domain of capillary endothelial cells of the brain and testis. The P-glycoprotein 
pump works to limit drug distribution into these tissues. See, for example, Kim, R.B., 
et al., The drug transporter P-glycoprotein limits oral absorption and brain entry of 
HIV-1 protease inhibitors, J. Clin. Invest., 101:289-294, 1998; Lee, C.G.L., et aL, 
25 HIV-1 protease inhibitors are substrates for the mdrl multidrug transporter, 

Biochemistry, 37:3594-3601, 1998; Kim, A.E., et aL, Saquinavir, an HIV protease 
inhibitor, is transported by P-glycoprotein, J. Pharmaco. Exp. Ther., 286:1439-1445, 
1998; Thiebaut, F., et al., Cellular localization of the multidrug resistance gene 
product P-glycoprotein in normal human tissue, Proc. Natl. Acad. Sci., U.S.A., 
30 84:7735-7738, 1987; Gordon-Cardo, C, et al., Multi drug-resistance gene (P- 

glycoprotein) is expressed by endothelial cells at blood-brain barrier sites, Proc. Natl. 
Acad. Sci., U.S.A., 86:695-698, 1989. 
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The present invention enables pharmacological inhibition of the 
functional activity of the P-glycoprotein transporter on HIV protease inhibitor 
substrates through use of a 10,1 1-methanodibenzosuberane of formula (I) co- 
administered with an HIV protease inhibitor. Such modulation of P-glycoprotein 
5 activity results in significantly enhanced HIV protease inhibitor concentrations in both 
the brain and testes relative to drug concentration in plasma. 

The magnitude of the effect of P-glycoprotein inhibition attainable by 
administration of the compounds of formula (I) is tissue dependent; for example, the 
tissue:plasma drug concentration ratio is enhanced in the brain to a greater extent than 

10 in the testes. This difference is believed to be related to the level of P-glycoprotein 
function in the respective tissues. There is about a 30- fold difference in nelfinavir 
concentration in the brain of mdrla(+/+) and mdrla{-/-) mice compared to only a 4~ 
fold concentration difference in the testes. P-glycoprotein inhibition using the 
compounds of formula (I) exhibits similar tissue differences. Notably, however, 

15 nelfinavir concentration differences achieved in both organs indicates a 75 to 90% 
absence of P-glycoprotein function based on comparable data in the mdrla(-i-) mice. 
At the highest doses of the compound of formula (II), the concentrations of nelfinavir 
in the brain and testes are equal to or higher than the drug concentration in plasma. 
Co-administration of a 10,1 1 -methanodibenzosuberane of formula (I) with an HIV 

20 protease inhibitor in accordance with this invention minimizes P-glycoprotein 

modulated drug concentration differences between plasma and the brain and testes, 
thereby reducing or eliminating these tissues as sanctuaries for viral proliferation in 
patients receiving protease inhibitor therapy. 

The present invention provides advantages over use of prior art P- 

25 glycoprotein inhibitors such as quinidine, verapamil, valspodar, and cyclosporine A, 
which are known to interact with drug metabolizing enzymes, in particular, members 
of the cytochrome P4503A subfamily (CYP3A). Inhibitors of P-glycoprotein are 
frequently inhibitors of CYP3A and vice-versa. See, for example, Wacher, V.J., et 
al., Overlapping substrate specificities and tissue distribution of cytochrome P4503A 

30 and P-glycoprotein: implications for drug delivery and activity in cancer 
chemotherapy, Mol. Carcinogen, 13:129-134, 1995; Kim, R.B., et al., 
Interrelationship between substrates and inhibitors of human CYP3A and P- 
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glycoprotein, Pharm. Res., 16:408-44, 1999. Accordingly, with drugs such as 
quinidine, verapamil, valspodar, and cyclosporine A, a dual interaction occurs 
whereby reduced P-glycoprotein function is associated with increased plasma levels 
of the CYP3A substrate. 
5 Although many P-glycoprotein inhibitors impair CYP3A-mediated 

metabolism, this is not an absolute relationship. In fact, the two characteristics appear 
to be independently determined such that some CYP3A inhibitors do not cause 
significant impairment of P-glycoprotein function and, more importantly, the reverse 
situation is possible, i.e., effective transporter inhibition with minimal effect on 

10 CYP3A. See Wandel, C, et al., P-glycoprotein and cytochrome P4503A inhibition: 
dissociation of inhibitory potencies, Cancer Res., in press, 1999. The 10,1 1- 
methanodibenzosuberanes of formula (I) are representative of such drugs. For 
example, the affinity of the compound of formula (II) for CYP3A is some 40-fold less 
than that for P-glycoprotein. Shepard, R.L., et al., Selectivity of the potent P- 

15 glycoprotein modulator, LY335979, Proc. Amer. Assoc. Cancer. Res., 39:362, 1998; 
Dantzig, A., J. Pharmco. Exp. Then, 290:854-862, 1999. This selectivity would 
account for the relative small formula (Il)-induced changes in nelfinavir's plasma 
level. Thus, the present invention has advantages over prior art P-glycoprotein 
inhibitors, since systemic toxicity from the antiviral agent would not be expected to 

20 increase following administration of compounds of formula (I). 

An additional problem associated with prior art use of P-glycoprotein 
modulators has been their limited potency. Because of this limited potency, effective 
levels have been difficult to achieve without adverse effects. The minimal effects of 
quinidine, verapamil, ketoconazole, and cyclosporine A on nelfinavir's tissue:plasma 

25 ratios are consistent with such low potency as demonstrated by their IC 50 values 

relative to digoxin translocation across Caco-2 cells. By contrast, the compound of 
formula (II) , which is at least 50-fold more potent than the other inhibitors, produced 
75% to 90% inhibition of P-glycoprotein transport in both the brain and testes. This 
finding emphasizes the importance of potency in the application of P-glycoprotein 

30 modulators. 

Another issue of selectivity by currently available P-glycoprotein 
modulators is related to the inhibition of P-glycoprotein itself versus other membrane 
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transporters that may also be involved in drug efflux or drug uptake into the cell. An 
increasing number of both types of membrane transporters have been identified and 
characterized in various cells/tissues within the body. Moreover, cross-inhibition of 
different transports appears to occur. For example, a number of P-glycoprotein 

5 inhibitors such as qumidine, verapamil, ketoconazole, and valspodar also impair drug 
uptake by OATP, but at higher concentrations than those required for inhibition of the 
efflux transporter. See Cvetkovic, M., et al., OATP and P-glycoprotein transporters 
mediate the coordinate cellular uptake and excretion of fexofenadine, Drug Metab. 
Disp., 27:866-871, 1999. Because an OATP type of transporter is present in the 

1 0 brain, (see Noe, B., Isolation of a multispecific organic anion and cardiac glycoside 
transporter from rat brain, Proc. Natl. Acad. Sci., 94:10346-10350, 1997), it is not 
unreasonable to suggest that the observed reduction in nelfinavir's plasma ratio with 
higher doses of cyclosporine A reflects such non-selectivity. A similar effort with 
valspodar has also been observed with another P-glycoprotein substrate - digoxin. In 

1 5 contrast, since the brain:plasma ratio continues to increase over the whole dose range 
studied, compound of formula (II) does not appear to inhibit transporters other than 
P-glycoprotein, at least in the brain. See Dantzig, supra. 

Thus, the present invention employs the 10,1 1- 
methanodibenzosuberanes of formula (I) to increase HIV protease inhibitor 

20 concentrations in the brain and testes, without an associated increase in plasma 
concentrations. 

The 10,1 1-methanodibenzosuberanes of formula (I) are typically 
co-administered with an HIV protease inhibitor, such as nelfinavir, saquinavir, 
indinavir, ritonavir, or amprenavir. In one preferred drug administration protocol a 

25 patient is pretreated with one or more doses of a compound of formula (I), and 

another dose of the P-glycoprotein inhibitor is administered concurrently with a dose 
of the HIV protease inhibitor. Typically, HIV protease inhibitors are administered 
orally in tablet form three times per day, in amounts of 600 to 1200 mg per dose. 
Administration of the compounds of formula (I) can be via any accepted mode of drug 

30 administration. 

Dosage levels of the compound of formula (1) for use in accordance 
with this invention range can vary according to patient condition and weight but 
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generally range from about 0.01 to about 50 mg/kg of patient body weight, more 
preferably about 0.1 to 10 mg/kg of body weight, and most preferably about 0.3 to 2.0 
mg/kg of body weight per dose. 

The administration of the compounds of formula (I) in HIV treatment 
5 protocols with protease inhibitors in accordance with this invention can be earned out 
using any pharmaceutically acceptable mode of drug administration. The compounds 
of formula (I) can be administered either alone or more typically in combination with 
pharmaceutically acceptable excipients, including those used in formulating solid, 
semi-solid, liquid, or aerosol dosage forms, such as, for example, tablets, capsules, 
10 powders, liquids, suspensions, suppositories, nasal solutions, aerosols or the like. The 
compounds of formula (I) can also be administered in sustained or controlled release 
dosage forms, including depot injections, osmotic pumps, biodegradable matrices, 
transdermal (including electrotransport) patches, and the like, for the prolonged 
administration of the compound at a predetermined rate, preferably in unit dosage 
1 5 forms suitable for administration of precise dosages. The compositions will typically 
include a conventional pharmaceutical carrier or excipient and a compound of formula 
(I). In addition, the present compositions may include other medicinal agents, 
pharmaceutical agents, carriers, adjuvants, etc., including a suitable dose of an HIV 
protease inhibitor. Generally, depending on the intended mode of administration, the 
20 pharmaceutically acceptable composition will contain about 0.1% to 90%, preferably 
about 0.5% to 50%, by weight of a compound or salt of formula (I), the reminder 
being suitable pharmaceutical excipients, carriers, etc. 

One manner of administration of the compounds of formula (I) is oral, 
using a convenient daily dosage regimen which can be adjusted according to patient 
25 condition and total antiviral treatment protocol. For oral administration, a 

pharmaceutically acceptable composition is formulated by the combination of a 
compound of formula (I) and optional protease inhibitor with any of the normally 
employed pharmaceutical excipients, for example, mannitol, lactose, starch, 
magnesium stearate, sodium saccharine, talcum, cellulose, sodium cross carmellose, 
30 glucose, gelatin, sucrose, magnesium carbonate, propylene carbonate, vegetable oils, 
or triglycerides, and the like. Such dosage compositions include solutions, 
suspensions, tablets, dispersible tablets, capsules, powders, lozenges, sustained release 
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formulations and the like. Preferably the compositions for oral administration will 
take the form of a tablet, capsule, or caplet. 

Liquid pharmaceutical compositions in accordance with this invention 
can be prepared by dissolving, dispersing, etc. an active compound of formula (I) and 
5 optional pharmaceutical adjuvants in a carrier, such as, for example, water, saline, 
aqueous dextrose, glycerol, glycols, ethanol, and the like, to form a solution or 
suspension. If desired, the pharmaceutical composition to be administered may also 
contain minor amounts of nontoxic auxiliary substances such as wetting agents, 
emulsifying agents, or solubilizing agents, pH buffering agents and the like, for 
10 example, acetate, citrate, cyclodextrine derivatives, sorbitan monolaurate, 
triethanolamine sodium acetate, triethanolamine oleate, etc. 

Dosage forms or compositions containing active ingredient in the 
ranee of 0.005% to 95% with the balance made up from non-toxic carrier may be 
prepared. Other useful formulations include those set forth in U.S. Pat. Nos. Re. 
15 28,819 and 4,358,603. 

The present invention can also be carried out using formulations for 
parenteral administration, i.e, subcutaneous, intramuscular, intrathecal, or intravenous 
administration. Injectable dosage forms of this invention can be prepared as liquid 
solutions or suspensions, solid forms suitable for dissolution or suspension in liquid 
20 prior to injection, or as emulsions. Suitable excipient carriers are, for example, water, 
saline, dextrose, glycerol, ethanol or the like. In addition, if desired, the 
pharmaceutical compositions to be administered may also contain minor amounts of 
non-toxic auxiliary substances such as wetting or emulsifying agents, pH buffering 
agents, solubility enhancers, and the like, such as for example, sodium acetate, 
25 sorbitan monolaurate, triethanolamine oleate, cyclodextrins, etc. A more recently 
devised approach for parenteral administration employs the implantation of a 
slow-release or sustained-release system, such that a more or less constant rate of drug 
release is maintained. See, e.g., U.S. Pat. No. 3,710,795. 

The percentage of active compound contained in such parenteral 
30 compositions depends on the specific use and the needs of the subject. However, 

percentages of active ingredient of 0.01% to 10% in solution are acceptable, and they 
may be higher if the composition is a solid which will be subsequently diluted to the 
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above percentages. Preferably the composition will comprise 0.2 - 10% of the active 
agent in solution. 

EXAMPLES 

5 The following preparations and examples are given to enable those 

skilled in the art to more clearly understand and to practice the present invention. 
They should not be considered as limiting the scope of the invention, but merely as 
being illustrative and representative thereof. 

10 Example 1 

Inhibition of the P-glycoprotein transport pump was measured as a 
function of inhibition of digoxin transport in an in vitro culture system. Inhibition of 
digoxin transport was determined using a polarized monolayer of Caco-2 cells. Caco- 
2 cells were grown and cultured on 0.4 um polycarbonate membrane filters as 

1 5 described in Kim, R.B., et al„ The drug transporter P-glycoprotein limits oral 

absorption and brain entry of HIV-1 protease inhibitors, J. Clin. Invest., 101:289-294, 
1998. Transport of [ 3 H] -digoxin (15 Ci/mmol; Dupont-New England Nuclear, 
Boston, MA) was determined by its addition to either the basal or apical side of the 
polarized cell monolayer, and the transport over a four hour period of time of 

20 radioactivity into the other compartment was measured in the absence or presence of 
putative inhibitor in both compartments. The extent of inhibition by each putative 
inhibitor was determined using the following equation: 

25 % inhibition = 1 - [-^ ^5-] x 100 

%-a ~ a A-s 

where i and a are the percentages of digoxin transport in the presence and absence of 
30 inhibitor, according to the direction of transport. IC 50 values were estimated from the 
Hill equation using the computer program Prism® (GraphPad Software Inc., San 
Diego, CA), and the data represent results obtained from at least 3 preparations on 
different days. 
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IC 50 values were calculated for various known P-glycoprotein inhibitors; ketoconazole 
(1 .2 uM), cyclosporine A (1.3 uM), verapamil (2.1 uM) and quinidine (2.2 uM), 
were in the low micromolar range. Fig. 1 illustrates the P-glycoprotein inhibition 
observed with various other putative inhibitors. Nelfinavir exhibited comparable 
5 inhibitory potency (1 A uM) to the potency of the known P-glycoprotein inhibitors. 
However, ritonavir (3.8 uM) and saquinavir (6.5 uM) were somewhat less potent, and 
the IC 50 value for indinavir (44uM) was about an order of magnitude greater than the 
IC 50 values for the other HIV protease inhibitors. As shown in Fig. 1, the compound 
of formula (II) was by far the most potent of the P-glycoprotein inhibitors studied, 
10 with an IC 50 value (0.024 uM) over 50- fold lower than cyclosporine A. 



Example 2 

The tissue distribution of nelfinavir in the absence of any other 
putative inhibitor was determined in mdrla(+!+) and mdrla(-l-) mice. Male mdrla(-f-) 

15 mice (FVB/TacfBR-[KO]mdrlaN7), 6- 1 2 weeks of age and genetically matched male 
mdrla(+/+) mice (FVB/MTtacfBR) weighing 20 to 30 g were obtained from Taconic 
(Germantown, NY). The animals were cared for in accordance with the USPHS 
policy for the Care and Use of Laboratory Animals and the experimental studies were 
approved by the Vanderbilt University Animal Care Committee. 

20 The tissue distribution of [ 14 C] -nelfinavir (8.5 mCi/mmol, Agouron 

Pharmaceuticals, Inc., San Diego, CA) was determined following intravenous 
injection (5 mg/kg) of an ethanol/0.9% saline solution over 5 minutes into a tail vein; 
the total volume injected was 4 ul/g. At specific times after drug administration and 
following anesthesia with isoflurane (Isoflo, Abbott Laboratories, Abbott Park, IL), 

25 blood was removed by orbital bleeding and the animal sacrificed. Subsequently, 
tissues were harvested, weighed, and homogenized with 4% bovine serum albumin 
solution. Total radioactivity was determined after the addition of 100 ul plasma or 
500 ul tissue homogenate to vials containing 4 ml scintillation fluid (Scintiverse BD*, 
Fisher Scientific Co., Fairlawn, NJ). The braimplasma ratio was 0.06 in the 

30 mdrla{+l+) mice, whereas the braimplasma ratio was 2.3 in the mdrla(-f-) mice. The 
distribution also varied in the testes, where the mdrla(+/+) mice had a 0.29 
testes:plasma ratio, and the mdrla(-!-) mice had a testes:plasma ratio of 2:1 . 
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Example 3 

The effect of P-glycoprotein inhibitors was investigated in mdrla(+/+) 
mice by pretreatment with equally divided doses given by intravenous tail vein 
injection, 30 minutes prior to and concurrently with administration of nelfinavir. 
5 Inhibitors studied included the compound of formula (II) (2 x 0.5 to 25 mg/kg, Lilly 
Research Laboratories, Indianapolis, IN), verapamil (2 x 6.25 mg/kg, Sigma- Aldrich, 
St. Louis, MO) and quinidine (2 x 25 mg/kg, Sigma- Aldrich), each dissolved in 20% 
ethanol/0.9% saline; cyclosporine A (2 x 0.5 to 25 mg/kg, Novartis Pharma AG, 
Basel, Switzerland) dissolved in 10% ethanol/60% propylene glycol/30% water; 

10 nelfinavir (2 x 25 mg/kg, Agouron Pharmaceuticals Inc., San Diego, CA), ritonavir (2 
x 12.5 mg/kg Abbott Laboratories), saquinavir (2 x 25 mg/kg, Roche Products Ltd., 
Welwyn, UK), and indinavir (2 x 25 mg/kg, Merck Research Laboratories, West 
Point, PA) each dissolved in 10% ethanol/40% propylene glycol/50% 0.9% saline; 
and ketoconazole (2 x 25 mg/kg, Sigma- Aldrich) dissolved in 25% 0.2N HC1. All 

15 drugs were injected in total volume of 4 ul/g and appropriate vehicle solutions were 
used in control studies. 

Similar tissue distribution studies were also performed to study tissue 
distribution of [ 14 C] -saquinavir (9.8 mCi/mmol, Roche Products Ltd) and [ 14 C]- 
indinavir (8.5 mCi/mmol. Merck Research Laboratories), using the compound of 

20 formula (II) (2x25 mg/kg) as the P-glycoprotein inhibitor. 

At least 3 mice were studied at each time point and differences in 
radioactivity between treated and control groups were analyzed by a two-sided 
Student's t-test with p < 0.05 as the limit of statistical significance. 

As shown in Fig. 3, pretreatment with 25 mg/kg formula (II), 30 

25 minutes prior to and concurrently with [ 14 C]-nelfinavir, markedly altered the 

disposition of total radioactivity in mdrla(+/+) mice. The brain concentration-time 
profile in particular was especially affected, as seen in Fig. 2. In untreated mice, 
radioactivity in the brain was more than 1 7 times lower than that in plasma with a 
mean braimplasma concentration ratio of 0.06, based on the relative area under the 

30 concentration-time curves. Formula (II) increased brain levels by 20-fold in contrast 
to those in the plasma, which only changed 2-fold. As a result, formula (II) treatment 
produced an 10- fold increase in nelfinavir's braimplasma distribution ratio. 
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Subsequent studies, also illustrated in Fig. 3, based on tissue distribution measured 
two hours after nelfmavir administration showed that these changes are dose- 
dependent. Moreover, 10- to 15-fold higher brain levels could be achieved without 
affecting nelfmavir plasma concentrations at total dosages between 12.5 mg and 25 
5 mg/kg. Comparison of these findings with those in mdrla(-f-) mice indicated that if 
all of the effects of formula (II) are accounted for by P-glycoprotein inhibition, then 
the transporter is inhibited by about 75% following a total dose of 50 mg/kg formula 
(II). Similar results were obtained with nelfmavir levels in the testes, with P- 
glycoprotein activity being inhibited by over 90%. Similar findings were also noted 

1 0 after intravenous administration of [ l4 C]-saquinavir, [ 14 C]-indinavir and pretreatment 
with 50 mg/kg formula (II). 

More modest, though statistically significant changes, were produced 
by cyclosporine A, ketoconazole, and ritonavir administration, but these largely 
reflected increased nelfmavir plasma concentrations rather than altered tissue 

1 5 distribution. Finally, neither quinidine, verapamil, nelfmavir, saquinavir, or indinavir 
produced significant changes in nelfinavir's disposition at the doses studied. The 
results are summarized in Table 1 : 



Table 1 : Tissue levels of radioactivity (ng/g tissue) in wildtype and mdrla(-/-) mice at 
20 2 hr after intravenous injection of [ I4 C] -nelfmavir (5mg/kg). Mice were treated with 
varying doses of formula (II) or other known P-glycoprotein inhibitors, 50 mg/kg 
(unless otherwise noted) in two divided doses, given 30 min prior to and 
simultaneously with [ ,4 C]-nelfmavir. Data are shown as mean ± standard deviation. 



25 





Plasma 


Brain 


Brain rPlasma 
Ratio 


Testes 


Testes: Plasma 
Ratio 


mdrla(+/+) Mice 
Vehicle Control 


98 ± 12 


5.1 ± 1.9 


0.06 ±0.01 


31 ±5.8 


0.29 ± 0.02 


Ritonavir (25 mg/kg) 


618 ± 112 


22 ±3.8 


0.08 ± 0.05 


59 ±3.4 


0.31 ±0.14 


Nelfmavir (50 mg/kg) 


124 ± 1 1 


7.9 ± 1.5 


0.06 ± 0.02 


47 ± 6.6 


0.39 ± 0.07 


Saquinavir (50 mg/kg) 


117 ± 14 


6.9 ± 1.9 


0.06 ±0.01 


48 ± 1 1 


0.43 ±0.13 


Indinavir (50 mg/kg) 


100 ±6.2 


7.5 ±0.9 


0.08 ±0.01 


37 ± 8.1 


0.39 ± 0.05 


Vehicle Control 


99±6.7 


9.4 ± 3.0 


0.10 ± 0.02 


41 ±6.8 


0.38 ±0.06 


Quinidine (50 mg/kg) 


92 ± 2.5 


5.1 ± 1.5 


0.06 ±0.01 


47 ±7.3 


0.54 ± 0.06 


Verapamil (12.5 mg) 


91 ± 6.1 


8 4 ±2.1 


0.09 ± 0.02 


39 ±3.0 


0.44 ± 0.06 
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Plasma 


Brain 


BramtPlasma 
Ratio 


Testes 


Testes: Plasma 
Pat 10 




Keioconazole (50 mg/kg) 


292 ± 68 


57 ± 14 


0.20 ± 0.02 


0 / ± 10 






Cyclosporine 

\7^hif*1^ i*r\nlrni 

YCIlllfC V^JJULJUi 


103 ± 13 


9.2 ± 1.2 


0.10 ±0.03 


66 ±12 


0.42 ± 0.04 


5 


3 mg/kg 


120 ±6.0 


1 1 ± 2.4 


0.10 ±0.02 


61 ±7.0 


0.51 ±0.04 




4 mg/kg 


322 ± 14 


45 ±20 


0.13 ± 0.06 


1 lO -l. 1 A 

12© ± 1U 


n Aft + ft ft*, 




12.5 mg/kg 


698 ± 189 


89 ± 19 


0.1 8 ± 0.08 


195 ± 34 


U.ju ± U.U / 




25 mg/kg 


659 ± 57 


190 ±43 


0.30 ± 0.08 


zy4 ± 3U 


a ± fl 04 




50 mg/kg 


954 ± 132 


242 ± 46 


0.27 ± 0.07 


lit . < c 

245 ± 33 


n T C + A AT 


10 


Formula (II) 


84 ± 4.9 


6.6 ± 1.7 


0.08 ± 0.02 


47±3.7 


0.48 ± 0.07 




1 mg/kg 


74 ±14 


9.4 ± 1.7 


0.11 ±0.04 


56 ± 1.7 


0.81 ±0.13 




4 mg/kg 


72 ±4.8 


24 ±4.5 


0.33 ± 0.04 


95 ± 18 


1 .4 ± U.j J 


15 


12.5 mg/kg 


71 ± 1 1 


AA ^ A 
OU ± 3.4 


\J . O J -*- V/. J vl 


108 ± 27 


l.6±0.44 




25 mg/kg 


89 ± 8.1 


89 ± 17 


1.1 ±0.28 


168 ±61 


2.0 ±0.48 




50 mg/kg 


171 ± 12 


243 ± 19 


1.4 ±0.08 


187 ± 17 


l.2±0.l9 


20 


mdrla <-/-) Mice 
Vehicle 


89 ± 15 


184 ±20 


2.3 ± 0.24 


194 ±34 


2.1 ±0.35 




Formula (II) (50mg/kg) 


161 ±24 


318 ± 52 


1.9 ± 0.12 


207 ± 46 


l.3±0.l3 
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Although the invention has been described in detail with reference to 
preferred embodiments, variations and modifications exist within the scope and spirit 
of the invention as described and defined in the following claims. 



WO 01/10387 



-18- 



PCT/USOO/40588 



CLAIMS 

1 . A method for increasing the concentration of an HIV protease 
inhibitor in the brain of a patient, said method comprising administering to an HIV 
5 infected patient an amount of a 10,1 1 -methanodibenzosuberane of formula (I): 



10 




15 



wherein: A is -CH 2 CH r ; -CH 2 CHR a CH 2 - where R a is H, OH or lower acyloxy; or 
-CH 2 CHR b CHR c CH 2 - where one of R b or R c is H, OH, or lower 
20 acyloxy, and the other is H; 

R 1 is H, F, CI, or Br; 

R 2 is H, F, CI, or Br; and 

R 3 is heteroaryl or phenyl optionally substituted with F, CI, Br, CF 3 , 
CN, N0 2 , or OCHF 2 ; or a pharmaceutically acceptable salt thereof; and 
25 co-administering to the patient a therapeutically effective amount of 

the protease inhibitor. 

2. The method of claim 1 wherein the patient is a male and the 
concentration of the HIV protease inhibitor is also increased in the patient's testes. 

3. The method of claim 1 wherein the protease inhibitor is 

30 selected from the group of nelfmavir, indinavir, saquinavir, ritonavir, and amprenavir. 

4. The method of claim 3 wherein the protease inhibitor is 

nelfmavir. 
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5. The method of claim 1 wherein R 1 and R 2 are F, A is 
-CH 2 CHR a CH r , and R 3 is optionally substituted quinolyl. 

6. The method of claim 5 wherein R a is OH and R 3 is quinol-5-yl. 

7. The method of claim 1 wherein the methanodibenzosuberane of 
5 formula (I) is a compound of formula (II): 



10 



15 n 




20 8. A method of treating a patient having an HIV-1 infection 

comprising: 

administering to the patient a therapeutically effective amount of a 

protease inhibitor, and 

co-administering to the patient an amount of a compound represented 

25 by formula (I): 



30 
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Ri R2 



10 




wherein: A is -CH,CH r ; -CH 2 CHR a CH 2 - where R a is H, OH or lower acyloxy; or 
-CH 2 CHR b CHR c CH 2 - where one of R b or R c is H, OH, or lower 
1 5 acyloxy, and the other is H; 

R 1 is H, F, CI, or Br; 
R 2 isH, F, CI, or Br; and 

R 3 is heteroaryl or phenyl optionally substituted with F, CI, Br, CF 3 , 
CN, N0 2 , or OCHF 2 ; or a pharmaceutically acceptable salt thereof; 
20 in an amount sufficient to increase brain levels of the protease inhibitor. 

9. The method of claim 8 wherein R' and R 2 are F, A is 
-CH 2 CHR a CH r , and R 3 is optionally substituted quinolyl. 

1 0. The method of claim 9 wherein R a is OH and R 3 is 

quinol-5-yl. 

25 ii. The method of claim 8 wherein the amount of the compound of 

formula (1) is sufficient to increase the brain levels of the protease inhibitor without 
significantly increasing the concentration of the protease inhibitor in the patient's 
blood. 

12. The method of claim 8, wherein the amount of the compound is 
30 also sufficient to increase concentrations of the protease inhibitor in the patient's 
testes. 
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13. A pharmaceutical composition comprising 

an antiviral protease inhibitor; 

a 10,1 1 -methanodibenzosuberane of formula (I): 




15 

wherein: A is -CH 2 CH r ; -CH 2 CHR a CH 2 - where R a is H, OH or lower acyloxy; or 
-CH 2 CHR b CHR c CH 2 - where one of R b or R c is H, OH, or lower 
acyloxy, and the other is H; 

R 1 is H, F, CI, or Br; 
20 R 2 is H, F, CI, or Br; and 

R 3 is heteroaryl or phenyl optionally substituted with F, CI, Br, CF 3 , 
CN, N0 2 , or OCHF 2 ; or a pharmaceutical^ acceptable salt thereof; 

and a pharmaceutically acceptable carrier therefor. 

14. The composition of claim 13 wherein the 

25 methanodibenzosuberane of formula (I) is present in an amount effective to increase 
brain levels of the protease inhibitor. 

15. The composition of claim 14 wherein the 
methanodibenzosuberane of formula (I) is present in an amount effective to increase 
brain levels of the protease inhibitor without significantly increasing plasma levels of 

30 the protease inhibitor. 
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16. The composition of claim 1 3 wherein the protease inhibitor is 
selected from the group consisting of nelfmavir, indinavir, saquinavir, ritonavir, or 
amprenavir. 

17. The composition of claim 1 6 wherein the protease inhibitor is 

5 nelfmavir. 

1 8. The composition of claim 1 3 wherein R 1 and R 2 are F. 

19. The composition of claim 1 3 wherein A is -CH 2 CHR a CH 2 -. 

20. The composition of claim 1 3 wherein R3 is a optionally 

substituted quinolyl. 
10 21 . The composition of claim 13 wherein the 10,1 1- 

methanodibenzosuberane is the compound of formula (II): 



15 



25 



r r 



20 II 




22. The composition of claim 13 wherein the 
methanodibenzosuberane comprises about 0.005 to 95% of the composition. 
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23. Use of a 10,1 1 -methanodibenzosuberane of formula (I): 

Ri R2 



10 




wherein: A is -CH 2 CH 2 -; -CH 2 CHR a CH 2 - where R a is H, OH or lower acyloxy; or 
1 5 -CH 2 CHR b CHR c CH r where one of R b or R c is H, OH, or lower 
acyloxy, and the other is H; 

R 1 is H, F, CI, or Br; 
R : is H, F, CI, or Br; and 

R 3 is heteroaryl or phenyl optionally substituted with F, CI, Br, CF 3 , 
20 CN, N0 2 , or OCHF 2 ; or a pharmaceutical ly acceptable salt thereof; 

for the manufacture of a medicament for the treatment of HIV in a 
patient undergoing treatment with an HIV protease inhibitor. 

24. The use of claim 23 for increasing the concentration of the 
protease inhibitor in the brain of a patient undergoing treatment with an HIV protease 

25 inhibitor. 

25. The use of claim 24 for increasing the concentration of the 
protease inhibitor in the patient's testes. 

26. The use of any one of claims 23-25 for the manufacture of a 
medicament wherein the protease inhibitor is selected from the group of nelfinavir, 

30 indinavir, saquinavir, ritonavir, and amprenavir. 
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27. The use of any one of claims 23-26 for the manufacture of a 
medicament wherein R l and K 2 are F, A is -CH 2 CHR a CH r , and R 3 is optionally 

substituted quinolyl. 

28. The use of claim 27 for the manufacture of a medicament 

5 wherein R a is OH and R 3 is quinol-5-yl. 

29. The use of claim 23 for the manufacture of a medicament for 
increasing brain levels of the protease inhibitor without significantly increasing 
plasma levels of the protease inhibitor. 

30. Use of an HIV protease inhibitor for the manufacture of a 
1 0 medicament for the treatment of HIV wherein the concentration of HIV protease 

inhibitor in the brain is increased by co-administration with a 10,1 1- 
methanodibenzosuberane of formula (I): 



Ri R2 



15 




25 wherein: A is -CH 2 CH 2 -; -CH 2 CHR a CH 2 - where R> is H, OH or lower acyloxy; or 
-CH 2 CHR b CHR c CH 2 - where one of R b or R c is H, OH, or lower 
acyloxy, and the other is H; 

R 1 is H, F, CI, or Br; 
R 2 is H, F, CI, or Br; and 
30 is heteroaryl or phenyl optionally substituted with F, CI, Br, CF 3 , 

CN, N0 2 , or OCHF 2 ; or a pharmaceutically acceptable salt thereof. 
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3 1 . The use of claim 30 wherein the concentration of the protease 
inhibitor in the patient's testes is also increased. 

32. The use of any one of claims 30-31 wherein the protease 
inhibitor is selected from the group of nelfinavir, indinavir, saquinavir, ritonavir, and 

5 amprenavir. 

33. The use of claim 30 wherein the protease inhibitor is nelfinavir. 

34. The use of any one of claims 30-33 wherein R ! and R 2 are F, 
A is -CH 2 CHR a CH r , and R 3 is optionally substituted quinolyl. 

35. The use of claim 34 wherein R a is OH and R 3 is quinol-5-yl. 
10 36. The use of claim 30 wherein the brain levels of the protease 

inhibitor are increased without significantly increasing plasma levels of the protease 
inhibitor. 
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